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ABSTRACT 


The RAH-66 Comanche's stealth design requires the use of radar-absorbing 
material (RAM) on the outer skin of the aircraft. The reduced stiffness properties of 
RAM produce insufficient tail torsional stiffness, necessitating the use of non-radar- 
absorbing graphite on the outer skin of the prototype's tail section. This thesis investigates 
structural design modifications to increase the tail section’s stiffness to allow the use of 
RAM on the outer skin and still meet all structural requirements. An original model 
represents the prototype aircraft at first flight. The goal is to create a model using RAM 
on the outer skin that matches the structural stiffness of the original model. This thesis 
builds on earlier work conducted at the Naval Postgraduate School (NPS). Two new 
design modifications to the tailcone are developed. The best modification increases the 
torsional stiffness of a baseline model by six percent. Integrating earlier NPS 
modifications increases torsional stiffness by 12 percent. When RAM is applied to the 
outer skin of the modified model, torsional stiffness is reduced by only six percent from 
the baseline as compared to a 24 percent reduction with no modifications. Additional 
modifications to the vertical and horizontal stabilizers further increase structural stiffness 


and reduce weight. 
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I. INTRODUCTION 


A. GENERAL 


The Boeing-Sikorsky RAH-66 Comanche is the United States Army's newest 
armed reconnaissance helicopter designed to be the commander's eyes on the 21* century 
battlefield. Designed as a replacement for the aging OH-58 and AH-1 helicopters 
currently in the Army inventory, the RAH-66 will operate and survive in the lethal, high- 
tech battlespace of the future. Using leap-ahead technologies in the areas of Low 
Observability (LO), Mission Equipment Packages (MEP) and survivability, the Comanche 
will provide unmatched operational flexibility to the battlefield commander. Its advanced 
sensors and digital communications systems will allow it to serve as a forward data fusion 
center and provide near real time information to commanders at all levels. A photograph 


of the first Comanche prototype is shown in Figure 1. 





Figure 1: Comanche Prototype 





The Boeing Defense and Space Group’s Helicopter Division of Philadelphia, 
Pennsylvania and United Technologies’ Sikorsky Aircraft of Stratford, Connecticut were 
awarded the demonstration/validation (Dem/Val) phase contract for the Comanche 
program. These two contractors have divided the aircraft into two sections for design and 
fabrication responsibilities. Boeing has responsibility for the tail section of the aircraft. 
Sikorsky has responsibility for the forward portion of the aircraft fuselage, to include 
responsibility for the integration of both sections. 

It is the Boeing section of the aircraft that will be the focus of this analysis. The 
Boeing Helicopter Company provided a finite element model of the “first flight” 
configuration of the tail section to be used for modification. Figure 2 shows the Boeing 
portion of the structure. The green section will be referred to as the tailcone and is the 
focus of the first part of the analysis. The blue section will be referred to as the T-tail and 
is the focus for the second part of the analysis. The orange section will be referred to as 


the shroud and will not be analyzed in this thesis. 





Figure 2: Comanche Tail Section 





B. OVERVIEW OF THE PROBLEM 


1 Tailcone Design 


On the battlefield of the future, the Comanche will rely heavily on its LO 
capabilities. A major component of its stealth comes from its reduced radar signature 
through the use of radar absorbing materials (RAM) on a large portion of the outer mold 
line (OML), the exterior skin of the aircraft. The Comanche's stealth design requires the 
use of Kev/ar and more than an inch of shielding material, such as Nomex or similar core 
material to be added between the outer and inner mold lines of the majority of the skin to 
meet its radar signature requirements. These requirements also limit the use of untreated 
graphite on the outer mold line, due to the radar reflective properties of graphite. The 
reduced stiffness property of these radar-absorbing materials is the cause of the problem 
that will be addressed by this thesis. 


The first prototype of the Comanche is currently undergoing development flight 
testing in West Palm Beach, Florida. In its orginal configuration, the tail section of the 
prototype did not have the required stiffness to handle the expected flight loads. For the 
prototype to meet its structural requirements, untreated graphite, which has good stiffness 
properties, had to be applied to the OML of a section of the tailcone to achieve the needed 
stiffness. In this configuration, the radar reflective properties of the graphite do not allow 


the aircraft to meet its radar signature requirements. 


If the cross section of the tailcone is thought of as a thin-walled cylinder under a . 
torsional load, a simple example will explain why graphite is needed on the OML. From 
thin-walled torsion theory and several simplifying assumptions, the stiffness of a cylinder 
varies as the cube of the radius. As the load-bearing graphite is moved inward to allow for 
the non-load bearing RAM , the stiffness of the tailcone is greatly reduced. This loss in 
stiffness could be offset by increasing the thickness of the underlying graphite or by 


increasing the overall radius of the tailcone. 


Unfortunately, these options would add to the weight of the tail section. The 
Comanche's current center of gravity is already aft of the optimal point, requiring extra 
weight in the nose of the aircraft. Any additional weight in the tail section would 
necessitate more ballast in the nose of the aircraft, causing an undesirable increase in the 
total weight of the aircraft. Fortunately, the Comanche tatlcone structure is not a simple 
cylinder and has underlying structure that can be modified. 


Ds T-Tail Fitting Design 


The Comanche has a requirement to be transported by a C-130 ‘Hercules’ aircraft. 
To meet this requirement, the current tail-fold design includes three fittings. Figure 3 
shows the current tail-fold design. The vertical stabilizer root fitting 1s located between 
the shroud and vertical stabilizer and is composed of four bolts that allows the T-tail to 
rotate by removing two of the bolts. The vertical stabilizer attach fitting is located 
between the vertical and horizontal stabilizers and attaches the two stabilizers together. 
The horizontal stabilizer fold fitting is located on the port side of the horizontal stabilizer 
near the center of the stabilizer and allows the horizontal stabilizer to be folded. 

The current tail-fold design causes the fittings to carry primary loads that are then 
concentrated in the spars of the vertical stabilizer. aa carry these loads, the spars must be 
made of graphite causing an unacceptable antenna performance penalty. 

The Boeing engineers have developed a proposed tail-fold design to eliminate this 
problem. Figure 4 shows the new proposed design. In the proposed design, the 
horizontal stabilizer fold fitting is removed. The vertical stabilizer root and attach fittings 
are modified to rigidly connect the spars in the vertical stabilizer to bulkheads in the 
horizontal stabilizer and shroud. To meet the C-130 transportability requirement, an 
external hinge will fasten to attachment points on the vertical stabilizer and shroud. The 
vertical stabilizer root fitting will be designed to allow the entire T-tail to rotate on the 
external hinge. 
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Figure 3: Current Tail-Fold Design 
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Figure 4: Proposed Tail-Fold Design 





II. PURPOSE OF RESEARCH 


This research is divided into two parts. The first part of this research is to design 
and analyze currently proposed structural modifications that would increase the tailcone's 
torsional stiffness. These modifications are then added to earlier modifications developed 
and analyzed here at the Naval Postgraduate School (NPS). This earlier analysis was 
conducted by a MAJ Vincent Tobin in his thesis 'Analysis of Potential Structural Design 
Modifications for the Tail Section of the RAH-66 Comanche Helicopter’ completed in 
September, 1997 

As stated earlier, Boeing provided a NASTRAN finite element model of the 
Comanche representing the aircraft structure at the time of its first flight in May of 1996 
to be used for modification. This original model simulates the prototype aircraft with the 
graphite on the OML and has the required structural stiffness. Modifications will be 
compared to a baseline model to determine the percent increase in torsional and bending 
stiffness. 

The goal of this part of the thesis is to combine the proposed modifications in 
order to allow the replacement of the graphite on the OML of the tailcone with RAM and 
achieve the stiffness of the prototype. 

The second part of this research is to design and analyze currently proposed 
structural modifications to the Comanche's horizontal and vertical stabilizers that would 
incorporate the proposed tail-fold design changes. The analysis goal is to determine any 
weight savings and changes in selected stiffnesses that would effect the design. 

While this research deals with static load cases, analysis of static cases is done 
strictly to provide insight into the likely dynamic implications of structural modifications. 
The goal, ultimately, is to produce design modifications that will optimize natural 
frequency placement without increasing gross weight and without increasing infrared and 
radar signatures. Typically, structural stiffening will raise natural frequencies provided 


there is no significant increase in weight associated with the stiffening [Ref. 1]. 





lil. THESIS DEVELOPMENT 


a FINITE ELEMENT THEORY 
1. Finite Element Method 


The complex design of most modern aerospace structures makes it almost 
impossible to analyze the effects of forces applied to them. For analysis purposes, these 
complex structures can be decomposed into individual structural members that can usually 
be idealized using beam bending theory, torsion theory, plate theory or shear flow 
methods. However, the presence of discontinuities such as thickness and cross-sectional 
variation, cutouts, and joints adds to the difficulty. [Ref. 2] 

This research is based on the Finite Element Method (FEM). The FEM provides 
the basis for algorithms that can efficiently analyze complex structures such as the tail 
section of the Comanche. In the late 1950s, with the advent of the digital computer, the 
Finite Element Stiffness Method evolved to handle these complex structures. The finite 
element method views the complete structure as an aggregate ofa finite number of simple 
base elements whose deformation response to applied loads is relatively easily determined 
as compared with the complex structure. [Ref. 3] 

These elements, defined by nodes, can be analyzed separately for equilibrium and 
then tied back together into the original structure. By imposing equilibrium conditions on 
the applied forces while simultaneously ensuring compatibility of the nodal displacement, a 
unique solution can be found for the entire structure. [Ref. 2] 

As the complexity of the structure increases, the size of the linear system that must 
be solved increases dramatically, leading to the need for computer software programs to 
handle the calculations. This thesis uses two powerful software packages, NASTRAN 
and PATRAN, to analyze structural stiffness results based on the geometric and material 


properties of the structural model of interest. 


ms NASTRAN 


The National Aeronautics and Space Administration (NASA) funded initial 
development of NASTRAN in the 1960s. The word NASTRAN is an acronym for NASA 
STRuctural ANalysis. NASTRAN was one of the first programs designed to use the finite 
element method to analyze structural models. [Ref. 3] 

Now owned and distributed by the MacNeil-Schwendler Corporation (MSC), it 
has evolved into the industry’s leading finite element analysis program. Version 69 is the 


version used for this research. 


2s PATRAN 


MacNeil-Schwendler also produces PATRAN to provide an integrated computer- 
aided engineering (CAE) environment. PATRAN software 1s both a preprocessor and 
postprocessor usable with several finite element analysis codes, including NASTRAN. Its 
capabilities include geometry modeling, mesh generation, analysis data integration, 
analysis simulation and results display and evaluation. [Ref. 4] 

The menu-driven graphical user interface makes model analysis relatively easy 
when compared with working directly with the NASTRAN code. All finite element 
models and results plots presented in this document were generated using PATRAN 
Version 6.2. [Ref. 4] 


10 


B. MODEL DEVELOPMENT 


The first step in the process of analyzing the changes in structural stiffness is to 
develop the NASTRAN models representing the proposed modifications. Figure 5 shows 
a finite element mesh of the original model of the tail section provided by Boeing. This 
model represents the aircraft in its first flight configuration on 4 May 1996. The remaining 
ten models are variations on this original structure. Using PATRAN software, model 
changes were made by changing geometry, material properties, or both 
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Figure 5: Finite Element Model of Comanche Tail Section 
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The model in Figure 5 1s called a “cantilevered” model because displacement 
boundary conditions are imposed at the forward edge of the tail section. These boundary 
conditions are represented graphically by arrowheads. The tip of each arrowhead rests on 
the point or node that is fixed. The direction of the arrowheads as well as the numerals (1, 
2, or 3) adjacent to the constrained nodes indicate the translational constraints in the 1, 2, 
or 3 (x, y, or z respectively) directions. [Ref. 5] 

Not all the nodes are constrained in the same way. Boeing developed this 
configuration of boundary conditions to model the interface between the Boeing and 
Sikorsky sections of the aircraft. This boundary condition arrangement will be used for 
analysis of all structural modifications to the tailcone models. 

A total of twelve models are discussed here. Each model will be identified by its 
shortened name that appears in parenthesis after their respective headings. The models are 
separated into two main categories. The first category includes all modifications to the 
tailcone section. This category 1s further broken down into three subcategories that are 
described in detail. The second category includes the currently proposed modifications to 
the T-tail section. 


1. Tailcone Modifications 


As stated earlier, MAJ Vincent Tobin, a recent graduate of the Aeronautical 
Engineering curriculum at NPS, conducted similar analyses on three proposed 
modifications to the tailcone. His work concentrated on the tailcone section for two 
reasons. The first reason is that the tailcone contains the area where the graphite was 
added to the OML to increase the structural stiffness. The second reason is that his work 
utilized an earlier version of PATRAN that was unable to analyze the solid elements 
modeled in the T-tail section. Because of this limitation, his analysis was restricted to the 
tailcone section. Since this first part of the model development builds on his work, the 
following eight models deal strictly with the tailcone section. 


a. Earlier Modifications 


The following subsection paraphrases MAJ Tobin's baseline model and 
three of his modifications. For more information on his analysis, please refer to his thesis, 


which is listed as reference five at the end of this thesis. 


(1) Baseline Model (BASE RED). This first model is aptly named 
because it serves as the baseline for the proposed modifications to the tailcone section. 
This baseline model is a 'reduced' version of the original tail section model and is shown in 
Figure 6. It is reduced because the shroud and T-tail sections are not displayed. To fully 
analyze the effects of the modifications in this area, the test load forces were applied to the 
Aft Tailcone Bulkhead. Therefore, while these two sections still exist in the model, they 


displace as a rigid body and contribute no stiffness with respect to the boundary conditions 
and applied loads. 





Figure 6: Baseline Model (BASE_RED). From Ref. 5 
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In addition, the PATRAN software uses color contour plots to 
show the magnitudes of the displacements, stresses, or strains on the models due to the 
applied forces. The exhaust covers, displayed in blue in Figure 6, are considered non- 
structural because their load-carrying capability is negligible and will not be displayed for 
the models of the tailcone section. Displaying the effects of the applied forces on the 
structural elements under the exhaust covers provides far more useful information. 
Although the exhaust covers are not displayed, their small structural influence is calculated 
by NASTRAN and incorporated into the displayed results. Figure 7 shows the tailcone 
with the exhaust covers not displayed. [Ref. 5] 





Figure 7: BASE_RED with Exhaust Covers Not Displayed. From Ref. 5 
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(2) Baseline Model with Kevlar on the OML (BASE KEV). This 
modification is the same as BASE RED except that it replaces the graphite on the OML 
with RAM to enable the design to meet radar signature requirements. This model is 
analyzed only to obtain another baseline set of structural stiffnesses for a structure made 
of materials likely to meet radar signature requirements. This set of structural stiffnesses 


will serve as another basis of comparison. [Ref. 5] 


(3) Bulkhead Section Modification (BULK_MOD). This model is 
the BASE RED model with structural modification confined to the forward Tail Landing 
Gear Bay Bulkhead (TLGBB) and structure in the immediate vicinity. The TLGBB spans 
most of the tailcone cross-section and defines the forward wall of the tail landing gear bay. 
Structurally, its main purpose is to transition loads from the upper torque box aft of the 
TLGBB to the large closed section that encompasses almost the entire tailcone cross 


section forward of it. The location of the TLGBB is shown in red in Figure 8. [Ref. 5] 





Figure 8: TLGBB Location in the Tailcone. From Ref 5 
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The intent of this modification was to stiffen the structure by 
connecting the structural component of the aft, upper tailcone skin to the TLGBB. This 
modification changed the shape of the bulkhead from resembling an “hourglass” to 
resembling a “mushroom. Figure 9 shows the TLGBB as modified for the BULK_MOD 
model. Elements displayed in green are those of the Baseline TLGBB. Elements in red 
have been added for the Bulk-Mod Model. This modification required other structural 
modifications near the bulkhead that will not be discussed in this thesis. [Ref. 5] 





Figure 9: TLGBB as modified for BULK_MOD. From Ref. 5 


(4) Aft Tailcone Section Modification (CONE MOD). This model 
is the BASE RED model with the structural modifications confined to the upper tailcone, 
aft of the TLGBB. The main element of the upper section is the Upper Walking Deck, 
which connects the TLGBB to the Aft Tailcone Bulkhead. Structurally, its main purpose 


is act as the top of a ‘torque box' that carries most of the loading from the T-tail section. 
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The intent of this modification was to increase the enclosed cross-sectional area of the 
upper tailcone. Figure 10 shows in red the added elements needed to model this new 
structure. [Ref. 5] 

This concludes the summary of the previous work conducted by 
MAJ Tobin. 





Figure 10: Tailcone as modified for CONE_MOD. From Ref 5 


b. Current Modifications 


The following subsection describes the currently proposed modifications to 
the tailcone that were analyzed in this thesis. Appendix A 1s a listing of all changes 
necessary to produce these new models. The data in Appendix A includes a listing of all 
the elements that were added or deleted to include their associated nodes and material 
properties. Also listed are the coordinate locations of any nodes that were moved or 


added to create new elements or modify existing elements. 
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(1) Tail Landing Gear Bay Modification 1 (BAY_MOD 1). This 
first new model is the BASE RED model with the structural modifications confined to the 
Tail Landing Gear Bay (TLGB). Because the doors are not structural, the cross-section 
of the TLGB is structurally an open section and with the landing gear extended and the 
doors open, it is physically an open section. The TLGB is depicted in red in Figure 11. 





Figure 11: Location of the Tail Landing Gear Bay 


The TLGB is defined by the Water Line 3160 Deck as its top, the 
lower half of the TLGBB as its front, the aircraft skin as its sides and its bottom is open. 
The aft wall of the TLGB is open to allow for movement of the tail landing gear. 
Structural longerons run along the inside of both sides of the TLGB and are the point of 
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attachment for the proposed modification. Figure 12 shows a cut away of the TLGB. 
The outline of the TLGB is shown in black and the longerons are shown in light blue. The 
longerons are made up of 11 plies of graphite and provide structural support in the TLGB. 





Figure 12 Cut Away View of the TLGB showing the Longerons 


The longerons vary in width as they run along the sides of the skin 
and their inner edges do not form a straight line. At the aft end of each longeron, a 
wedge shaped support connects the longerons to the aft wall of the TLGB. For 
BAY MOD 1, these supports were removed and the aft sections of both longerons were 


replaced to straighten them out. 
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In addition, vertical panels were attached from the inner edges of 
the longerons to the Water Line 3160 Deck. These panels are perpendicular to the inner 
edges of the longerons and run from the TLGBB to the aft wall. Figure 13 shows the 
proposed modifications to the TLGB in red. Several of the nodes in a portion of the 
TLGBB were moved to fully connect the shear walls to the TLGBB. Moving the nodes 
required replacing of several elements in the TLGBB and these new elements are also 


shown in red. 





Figure 13: TLGB as modified for BAY_MOD 1 


Unfortunately, since the inner edges of the longerons are not 
straight, the vertical shear walls are not smooth but have "wrinkles" in them. The shear 


walls and aft section of each longeron are composed of the same material as the existing 
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longerons. The new elements in the TLGBB are made of the same materials as the 
original elements that they replaced. 

The intent of this modification was to create vertical shear walls 
that formed two smaller "torque boxes" on both sides of the TLGB. Since the TLGB is an 
open section that does not carry torsional loads well, these shear walls were designed to 


increase the torsional stiffness of the TLGB. 


(2) Tail Landing Gear Bay Modification 4 (BAY MOD 4). This 
second new model is a variation on BAY MOD 1. Again, the structural modifications are 
confined to the TLGB. For BAY MOD 4, the wedge-shaped supports were removed and 
the aft sections of both longerons were replaced. In addition, two additional longerons 
were added along the inner edges of the TLGB above the original longerons. Vertical 
panels were attached from the inner edges of the original longerons to the inner edges of 
the new longerons. These panels are aiso perpendicular to the inner edges of both sets of 
longerons and run from the TLGBB to the aft wall. 

In addition, the inner edges of the original longerons were modified 
to form a straight line from the TLGBB to the aft wall. This modification was intended to 
remove the "wrinkles" associated with the shear walls in BAY MOD land to reduce the 
added weight of the modification. Figure 14 ore the proposed modifications to the 
TLGB in red. The original longerons continue into the area forward of the TLGBB. 
Because the inner edges of the original longerons were modified, the first elements of both 
longerons forward of the TLGBB also had to be modified. The shear walls and aft section 
of each longeron are composed of the same material as the existing longerons. The 
modified elements in the section forward of the TLGBB are made of the same material as 


they were originally composed. 
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Figure 14: TLGB as modified for BAY_MOD 4 
C. Combined Modifications 


The following subsection describes the combination of the earlier 
modifications and the currently proposed modifications to the tailcone into one model. 
For reasons that will be explained in the Results section of this thesis, only BAY_MOD 4 


was included in these combination models. 
(1) Combination Modification 1 (ADD MOD). This model gets its 


name because it is the combination of BULK_ MOD and CONE MOD added to 
BAY MOD 4. ADD MOD is simply the BASE_RED model with the structural 


Le 





modifications of BULK_MOD, CONE_MOD and BAY_MOD 4 combined into a single 


model. The material properties used are those of each of the different modifications. 


(2) Combination Modification 2 (KADD MOD). This model has 
exactly the same outer mold line geometry as the ADD MOD model. The material 
properties are different. The aft tailcone skin for this model has RAM properties that are 
designed to achieve the reduced radar signature required. This skin configuration has four 
plies of graphite on the inner mold line, 33 millimeters of core material and two plies of 
Kevlar on the outer mold line. This compares to the BASE RED model where the skin 
was composed of two plies of graphite on the inner mold line, 12.7 millimeters of core, 
and six plies of graphite on the outer mold line. 


2: T-Tail Modifications 


This thesis uses version 6.2 of PATRAN. Version 6.2 is the latest version of 
PATRAN and has the capability to analyze the solid elements modeled in the T-tail 
section. Therefore, this next part of the model development is not restricted to the 
tailcone section. Unlike the goal of the previous part, the analysis goal for this part is to 
determine any weight savings and changes in selected stiffnesses that would effect the 
design. Therefore, new baseline models must be established. 

This second category includes the currently proposed modifications to the T-tail 
section. The following four models are divided into two subcategories that focus on 
different parts of the T-tail section of the helicopter. The first two models deal with 
proposed modifications to the horizontal stabilizer. The last two models deal with 
proposed modifications to the vertical stabilizer. 
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a. Horizontal Stabilizer Modifications 


As stated earlier, The Comanche has a requirement to be transported by an 
Airforce C-130 ‘Hercules’ aircraft. To meet this requirement, the current tail-fold design 
requires a horizontal stabilizer fold fitting, (i.e. a hinge), located on the port side of the 
horizontal stabilizer near the center of the stabilizer to allow the horizontal stabilizer to be 
folded. Figure 15 shows a close up of the horizontal stabilizer with the fitting in red. Only 


the structural members of the fitting is shown and not the complete fitting. 





CF 


Figure 15: Current Horizontal Stabilizer Tail-Fold Design 
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The current tail-fold design is unacceptable and the Boeing engineers have 
developed a proposed tail-fold design that removes the horizontal stabilizer fold fitting. 
The following two models address his new design. 


(1) Horizontal Stabilizer Reduced (STAB RED) This model 
serves as the baseline for the proposed modification to the horizontal stabilizer. This 
baseline model is a "reduced" version of the original tail section model and is shown in 
Figure 16. This model is not like the BASE RED model where some sections of the tail 
are not displayed but still involved in NASTRAN analysis. Because this analysis was 
narrowly focused on the effect of the proposed modification on the symmetrical vertical 
bending of the horizontal stabilizer, everything but the horizontal stabilizer has been 
deleted from the NASTRAN database. 
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Figure 16: STAB_RED with Boundary Conditions Imposed 
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In addition, the horizontal stabilizer has been rigidly fixed at the 
location of its attachment to the vertical stabilizer. This was done to eliminate any effects 
caused by other elements of the tail section. In Figure 16, the stabilizer is fixed in all 
translational and rotational directions as indicated by the arrows and numbers. To simplify 
the model, a multi-point constraint (MPC) was used to apply the boundary conditions to 
all the affected nodes. This arrangement models a perfectly rigid test fixture attached to 
the stabilizer. All nodes attached via MPC to the constrained node maintain their relative 
positions to one another after application of loads. This boundary condition arrangement 


will be used for analysis of the horizontal stabilizer models. 


(2) Horizontal Stabilizer Modification (STAB MOD). This model 
is the STAB RED model with the structural modifications confined to the fold fitting. 
The structural elements of the fold fitting were removed. The open section created was 
filled with the same material that borders the open section to produce a horizontal 


stabilizer that is one continuous piece. Figure 17 shows the added elements in red. 





Figure 17: Horizontal Stabilizer as modified for STAB_MOD 
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b. Vertical Stabilizer Modifications 


The final two models were developed to investigate the reduction in 
stiffness caused by removing one of the three spars located in the vertical stabilizer. In the 
proposed tail-fold design, the vertical stabilizer root and attach fittings will be modified to 
rigidly connect the spars m the vertical stabilizer to bulkheads in the horizontal stabilizer 
and shroud. Part of this modification will be to remove one of the spars. It is hoped that 
the ngid connection of the horizontal stabilizer to the shroud through the vertical stabilizer 
will recover the reduction in stiffness caused by the removal of one spar. 

Unfortunately, detailed drawings of the new fittings have not been 
produced at this time. Without these drawings, the fittings could not be modeled 
correctly. Therefore, the effects on stiffness of the ngid connection could not be analyzed. 
The following two models are designed to address the reduction in stiffness due to the 
removal of a spar only. In addition, the proposed modification can be incorporated into 
future modifications when detailed drawings of the proposed fittings are made available. 


(1) Vertical Stabilizer Reduced (VFIN_ RED) This model serves as 
the baseline for the proposed modification to the vertical stabilizer. This baseline model is 
a "reduced" version of the original tail section model and 1s shown in Figure 18. This 
model is similar to the STAB RED model because this analysis was narrowly focused on 
the effect of the proposed modification on the loss in stiffness in the vertical stabilizer. 
Everything but the vertical stabilizer has been deleted from the NASTRAN database. 

This time the vertical stabilizer has been rigidly fixed along the 
entire bottom of the stabilizer at the proposed location of its attachment to the shroud. 
The stabilizer is again fixed in all translational and rotational directions as indicated by the 
arrows and numbers. An MPC was used to apply the boundary conditions to all the 
affected nodes. This boundary condition arrangement will be used for analysis of the 
vertical stabilizer models. 
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Figure 18: VFIN_RED with Boundary Conditions Imposed 


(2) Vertical Stabilizer Modification (VFIN MOD). This model 
reproduces the exterior geometry of the VFIN RED model. In order to reduce the 
number of spars, a geometric model of the original vertical stabilizer was produced using 
PATRAN. With only minor changes at the top and bottom the modified vertical fin 
replicates the exterior of the original vertical stabilizer. Figure 19 shows this replication. 
The mid-slice of the original elements are displayed in green. The superimposed black 
wire frame shows the modified stabilizer. As can be seen from Figure 19, the outline of 
the VFIN MOD model matches the outline of the VFIN RED model. 
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In VFIN_RED, the Boeing engineers used in excess of 30 different 
material properties to optimize weight reduction. Due to time constraints, VFIN MOD 
did not go through this same process. Therefore the number of different material 
properties is simplified to only 13. These material properties were selected because they 
represented the majority of the material properties used in VFIN RED. A complete 
listing of the material properties used in VFIN_MOD is included in Appendix A. 
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Figure 19: VFIN_MOD Superimposed on VFIN_RED 


On the following pages, Figures 20 and 21 show the spar 
configuration in the VFIN RED model and the VFIN_MOD model respectively. 
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Figure 20: VFIN_RED Spar Configuration 
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Figure 21: VFIN_MOD Spar Configuration 
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S. LOAD CASES 


The actual aerodynamic forces acting on the aircraft while in flight is difficult to 
determine. Only detailed flight-testing will enable the determination of the various 
combinations of forces and moments acting on the tail section. However, since this is a 
static load analysis with assumed linear responses, the designs will be assessed by changes 
in stiffness and not displacements due to flight loads. 

Because this research attempts to analyze several different sections of the tail, 
several load cases are created for the different areas of analysis. Under actual flight 
conditions, loads transmitted through the tail section would be distributed throughout the 
entire structure. These forces and moments would be transmitted through the tail section 
as distributed loads and not point forces or moments. An MPC was used to allow an 
applied point force or moment to be distributed across the affected cross-section to model 


these distributed loads 


1. Tailcone Load Cases 


Since the modifications to the tailcone section builds on earlier work, those load 
cases will be applied to the tailcone. The following subsection paraphrases MAJ Tobin's 
load cases. The applied load cases for the tailcone are: a negative x-direction moment, a 
positive y-direction force and a negative z-direction force. The point of application is the 
node nearest to the center of rotation of the aft bulkhead of the BASE RED model. A 
rigid MPC was attached to all nodes of the aft bulkhead perimeter and to the load 
application node. For more information on his analysis, please refer to his thesis, which 1s 


listed as reference five at then end of this thesis. 


31 


a. Long Axis Moment 


The primary moment in the negative x-direction on the tailcone occurs due 
to the aerodynamic force on the vertical stabilizer. The separation of the tailcone and 
vertical stabilizer center of pressure creates the moment arm. The actual aerodynamic 
loads on the vertical tail are transmitted to the tail as both a shear force and a rolling 
moment. Here these load cases are treated separately and only the moment is applied for 


this load case. The applied load is 10,000 Newton-Meters. [Ref. 5] 


b. Lateral Force 


The positive y-direction force on the aft end of the tailcone is due to anti- 
torque forces applied to the vertical tail and transmitted through the structure to the 
tailcone. This load case is designed to examine the lateral bending stiffness of the tailcone. 
The applied load is 5000 Newtons. [Ref. 5] 


c Vertical Force 


The negative z-direction force occurs in high-speed forward flight where 
downward aerodynamic force is generated on the horizontal tail to level the fuselage 


attitude and reduce drag. The applied load is 5000 Newtons. [Ref.5] 


2: Horizontal Stabilizer Load Case 


Because the focus of the analysis of the horizontal stabilizer was restricted to the 
symmetrical vertical bending mode, only one load case was applied. A 50 Newton load 
was applied to both ends of the stabilizer to the nodes at the approximate center of 
rotation. A rigid MPC on both ends attached all the perimeter nodes of the each end to 


the load application nodes. 
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3. Vertical Stabilizer Load Cases 


The tailcone section load cases from section 1 were also applied to the vertical 
stabilizer. However, the point of application was different. The load cases were applied 
to the node at the approximate center of the top of the vertical stabilizer to simulate the 
transmittal of forces from the horizontal stabilizer through the upper fittmmg. A mngid MPC 


attached several of the perimeter nodes to the load application node to simulate the fitting. 
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IV. RESULTS AND ANALYSIS 


The results of the analysis are presented in numerical form in the tables below. 
Sample PATRAN contour plots of strain energy density will be displayed to highlight 


certain aspects of the analysis. 


A. TAILCONE RESULTS 


The results of the BASE_RED and BASE _KEV are shown for comparison to the 
new modifications. To maintain consistency with the earlier analysis performed by MAJ 
Tobin, the numerical results are presented in two separate tables. The first table provides 
information on selected stiffnesses in SI units. The second table presents the same data 
normalized to the BASE RED model results. 


1. BAY MOD Model Results 


Table 1 presents the results of analysis of the two BAY MODs. The stiffness of 
each model in torsion, lateral bending and vertical bending is presented for comparison. 
The torsional stiffness is defined as the applied moment per degree of x-rotation of the 
load application node. The bending stiffnesses are defined as the applied force per unit of 
y-displacement or z-displacement of the load application node. Table 2 presents the same 


data as the previous table normalized to the BASE_RED model results. 
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Model Torsion Horizontal Bending Vertical Bending 
(N-m)/degree (N/m) (N/m) 


BASE_RED 25,822 2,634,559 1,905,910 
BAY MOD 1 27,249 2,741,849 2,072,743 
BAY MOD 4 oT Aaa 2,728,413 1,989,323 


Table 1: BAY_MOD Model Stiffnesses in SI Units 


Model Torsion Vertical Bending 
Bending 


BASE_RED 1.000 1.000 1.000 
BAY MOD 1 1.055 1.041 1.087 
BAY MOD 4 1.064 1.035 1.043 


Table 2; BAY_MOD Model Stiffnesses Normalized to BASE_RED Results 


Horizontal 














One of the reasons why BAY MOD 4 has a higher torsional stiffness can be 
explained using the following two figures. Figures 22 and 23 show strain energy density 
distribution plots produced by PATRAN. These contour plots show the strain energy per 
unit volume as a function of position. The colors indicate the magnitudes as shown on the 
bar on the right side of the figure. Higher values indicate "soft spots" on the structure. 

Figure 22 shows the starboard side of a cut away view of the TLGB. This 1s a 
results plot of BAY MOD 1 subjected to the torsional load case described earlier. The 
colors indicate a relative soft area running diagonally from lower left to upper nght. That 
weak area is where one of the added longerons of BAY_MOD 4 is attached to the skin. 

Figure 23 shows the same view of BAY MOD 4 subjected to the same load case. 
The colors indicate that the weak area has been almost completely eliminated. In 


36 


BAY MOD 1, the "torque box" created on the starboard side was defined by the 
Waterline 3160 Deck on top, the starboard longeron on bottom, the aircraft skin as one 
side, and the starboard shear wall as the other side. In BAY_MOD 4, this "torque box" 
was defined the same except that the added starboard longeron defined the top. In both 
starboard "torque boxes", the outer skin was made of the weakest material. Also, the 
vertical shear walls are perfectly straight in BAY MOD 4, which increases their torsional 
stiffness. These factors help explain why BAY MOD 4 has a higher torsional stiffness. 
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Figure 22: BAY_MOD 1 Strain Energy Density Distribution 
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Figure 23: BAY_MOD 4 Strain Energy Density Distribution 


Zz BAY MOD Selection 


To create the combination models of the tailcone, one of the two BAY MOD 
models had to be selected. Because weight is an issue, both BAY MODs were analyzed 
to determine which one provided the most increase in torsional stiffness per pound added 
weight. Table 3 presents the results of this analysis. The increase in torsional stiffness is 
defined as the normalized percent increase over the BASE RED model results. The 


weight is defined as the added weight due to the modifications in pounds. The stiffness to 
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weight ratio is defined as the ratio of increase in percent stiffness to a unit of weight. 


From table 3, BAY MOD 4 is the best choice. 


Weight Ratio 
= 


Table 3: Comparison of BAY_MODs 







Torsion Stiffness 









3. Combination Model Results 


Table 4 presents the results of analysis of the two combination models to the 
baselines. The stiffness of each model in torsion, lateral bending and vertical bending is 
presented for comparison. Table 5 presents the same data as the previous table 
normalized to the BASE _RED model results. 


Torsion | Horizontal Bending Vertical Bending 
(N-m)/degree (N/m) (N/m) 


BASE RED 25,822 2,634,559 1,905,910 


BASE KEV 19,706 2,579,720 1,840,053 


ADD MOD 29 007 2,770,260 1,988,982 
KADD MOD 24,258 Del leloy, 1,954,323 





Table 4: Combination Model Stiffnesses in SI Units 
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Model Torsion Horizontal Vertical Bending 
Bending 


BASE _ RED 1.000 1.000 1.000 
BASE_KEV 0.763 wT? 0.965 


ADD MOD 1.123 1.052 1.044 


KADD MOD 0.939 1.037 1.025 


Table 5: Combination Model Stiffnesses Normalized to BASE_RED Results 





The BASE KEV model simulates the prototype aircraft except that it replaces the 
graphite on the OML with RAM to enable the design to meet radar signature 
requirements. From table 5, the BASE KEV model has almost a 24 percent decrease in 
torsional stiffness as compared to the BASE RED model. This is why graphite had to be 
added to the prototype. 

The ADD MOD model increases the torsional stiffness of the baseline by over 12 
percent. When RAM is applied to the modified model (KADD_ MOD), the torsional 
stiffness is reduced by only six percent from the BASE RED model. This is an increase of 
almost 18 percent over the BASE KEV model. In addition, the KADD MOD model 
bending stiffmesses exceed the BASE RED model results. 


B. T-TAIL RESULTS 

1 Horizontal Stabilizer Results 

Table 6 shows the results of the analysis on the horizontal stabilizer modification 
to its baseline. Only the vertical bending stiffness is analyzed. The bending stiffness is 
defined as the applied force per unit of z-displacement of the load application node. Table 


7 presents the same data as the previous table normalized to the STAB_RED model 


results. 
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Vertical Bending 
(N/m) 


STAB RED 66,160 
STAB MOD 117,421 


Table 6: STAB Model Vertical Stiffness in SI Units 


STAB_RED 1.000 


Table 7: STAB Model Stiffness Normalized to STAB_RED Results 



















Table 7 shows a 77 percent increase in the vertical bending stiffness. In addition, 
by removing the fold-fitting hinge, this modification reduces the gross weight from its 
baseline by 2.92 pounds. The center of gravity shifts forward by 0.938 inches. 


Ze Vertical Stabilizer Results 


Table 8 presents the results of analysis of the vertical stabilizer modification to its 
baseline. The stiffness of each model in torsion, lateral bending and vertical bending 1s 
presented for comparison. The torsional stiffness is defined as the applied moment per 
degree of x-rotation of the load application node. The bending stiffness is defined as the 
applied force per unit of z-displacement of the load application node. Table 9 presents the 


same data as the previous table normalized to the VFIN_RED model results. 
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Torsion Horizontal Bending Vertical Bending 


oil (N-m)/degree (N/m) (N/m) 


VFIN_RED 3,447 6,655 30,177 
VFIN MOD Zeca) 5,489 25,631 


Table 8: VFIN Model Stiffnesses in SI Units 


Model Torsion 
Bending 


VFIN_RED 1.000 1.000 1.000 
VFIN_ MOD 0.659 0.825 0.849 


Table 9: VFIN Model Stiffnesses Normalized to VFIN_ RED Results 






Horizontal 





Vertical Bending 










As expected, the VFIN MOD model is not as stiff as the original 
VFIN_RED model. A majority of this significant reduction in the stiffnesses can be 
attributed to the removal of a spar. However, an unknown percentage of the stiffness 
reduction 1s caused by the differences between the VFIN_RED and VFIN_ MOD models’ 
geometries and material properties. Further modifications that must be done to isolate the 
reduction in stiffness due to the spar removal are discussed in the Recommendations 
section. It is hoped that the rigid connection of the horizontal stabilizer to the shroud 
through the vertical stabilizer will recover the reduction in stiffness caused by this 


modification. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 


One goal of this thesis was to combine the proposed modifications in order to 
allow the replacement of the graphite on the OML of the tailcone with RAM and achieve 
the stiffness of the prototype. The BASE RED model was considered the goal for 
torsional stiffness and horizontal and vertical bending stiffnesses. 

The modifications analyzed here did produce stiffness increases using the 
BASE RED OML materials. While the modifications did increase both horizontal and 
vertical bending stiffnesses, torsional stiffness did not meet the BASE RED results when 
using radar cross section compliant materials. Additional modifications are necessary if 
the remaining six percent of torsional stiffness is to be recovered. These modifications 
may necessitate fundamental changes to the aircraft OML or T-tail design. 

The modifications to the TLGB increased selected stiffnesses with only a small 
weight increase that is easily offset by the modifications to the T-tail section. In addition, 
the Comanche Program Management Office (PMO-Comanche) is conducting a trade 
study on the mounting of the tail landing gear. If a new design is selected, incorporation 
of the BAY MOD 4 modification should be considered. 

The second goal of this thesis was to design and analyze proposed structural 
modifications to the Comanche's horizontal and vertical stabilizers that would incorporate 
the proposed tail-fold design changes. The STAB_MOD modification greatly increased 
the vertical bending stiffness of the horizontal stabilizer and reduced total weight. 

The VFIN modification showed a significant loss in selected stiffnesses. It is 
hoped that when new fittings are designed, the rigid connection of the horizontal stabilizer 
to the shroud through the vertical stabilizer will recover the reduction in stiffness and the 


proposed modification can be incorporated into future modifications 
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B. RECOMMENDATIONS 


i VFIN MOD Model Baseline 


As stated earlier, differences between the VFIN_ RED and VFIN MOD models’ 
geometries and material properties make it impossible to determine the actual reduction in 
stiffness caused by the removal of the spar. A "baseline" model of the VFIN MOD, 
utilizing the same geometry and material properties, must be created containing the third 
spar. Comparison of this model to the VFIN MOD would isolate the reduction in 
stiffness due to the spar removal. 


2. VFIN_MOD Model Optimization 


Due to time constraints, VFIN MOD did not go through an optimization process 
to reduce weight and distribute strain energy densities. Continued analysis of the model 
should be conducted to fully utilize the many different material properties already 
contained in the tail section database. 


S: Vertical Stabilizer Fittings 


Now that the VFIN MOD model exists, detailed drawings of the proposed root 
and attach fittings should be requested from the Boeing engineers. With these drawings, 
the fittings could be modeled in PATRAN and incorporated into the VFIN_MOD model. 
Analysis of the effects on selected stiffhesses could then show if the rigid connection of 
the spars by the fittings could offset the reduction in stiffness caused by the removal of one 


spar. 


4. Dynamic Analysis of all Proposed Modifications 


All work up to this point has been an analysis of static responses. The changes in 
natural frequencies of the modified areas could not be assessed. Helicopters are very 
dynamic systems and it is the dynamic response of the aircraft that is of greatest concern. 
A dynamic analysis of all the proposed modifications should be conducted to gain insight 


on the dynamic response of the aircraft to the proposed modifications. 
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APPENDIX A: MODIFICATIONS LISTING 


TAIL LANDING GEAR BAY MODIFICATIONS (BAY_MOD 1 
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WEDGE = [on 


ELEMENT [1 | NoBET_[ NODE [NODES ["Novea |x Tz 
[auab4 |_4215802_|~ 18802 | ise08 | 18905 | 1e004 | 14015802 | psh-aatse02 
C TRIAS _|_218925 [15905 | 16808[ 15096 |__| 1.428802 | psh.2ise02 
a 
eae | tesgoz | 1ss00 | 1ss08 [tee | pec 
BAR? _|_1318808 | 15808 | 18926 [| -"__[ +-1318802 [__ppr.1 315802 
gana [tates | ess | tesea | [stems Laos 
i 
808s irs mt 
EONGERON END [ar Ro 
TRIAS | sstsea) | te6a2 | 1S0o | 75648 | __]aaataea71| —psh-astaga7 
[TRIAS | 3315802] 15802 | 15924] 15034 [| paznaea7t | psh.a314527 
[TRIAS | "soteasd | seed | reese | tseoa | [zasragart| psi 91627 
/BAR2 | 1115642166421 Cd 114827 [pr 1114827 
Nope | 1802 [ ss 7 [2 
Fwd THOS Bind [at ROP 
QUAD4 | 4i14e46_[ 14846 [14014_[ 14016 _| 14847 [2.41180071| __psh.a1 16007 


7 Ee eee 
[NODE | _14847_| —— es 
NODES MOVED ee a 
Miiceceng | | i a) _ MOVER EE 
ELEMENT] ID | NODE1 | NODE2 | NODES | NODE4 | xX | Y | 2 
[NODE | oe [| | | ~~  ~+|~—S—S*ds«Ciram | aiveco | s16202 
[NODE | is1_ | —SOSYSSSC~dSCSCSC~C~CSCS SSCS tS AS | tS NEON 
Nope [55 [SidSCSCSC—~iSSC‘“‘CCr~CC~C~*dS*«étS24. [182.367 [3160 
NODE | 15421] —S«dY|s~SOs*~<C~*~‘~dSSC<CS*sSC<C*~‘~*dSCS RY 189 28S [BTC 
2 a ee 
Ts 266 [sie | 
ees ice) 
[Nope | 156 |] SC*SCSC“‘“CCLSWOC#d#;COASNS| | _256.116 _| 2043,5601 | 
Nope [| 1927, [| *«Y~SstC<‘—~rS~<“C~S~S~SCSCSCS~S~SC SNS | ST | OT. 
ee ee ee 
[_SHEARWALL [| —+sd.| SS a 
ee ser tess] 1 rn ie | 
NODE [sass SCSSCSSCSCSCSCS*d «48799126 | 115.775 _| 29485601 | 
NODE [seo SCSC—~SCi‘“‘C~‘“‘i fg 89ST 1167S | 305.7 
"NODE [sane | (SW) SSC*~dSC“‘“‘(C;C*dOCOC#*”#AA@S8.6 [117.669 | 2863.1600 
[NODE [eset [617.669 | 29 5601 
None | se062 [es 6 680 | 1 78 
[NODE | sae [OP CSOSCSC—C—tSCC~*di TA 
NODE | e808 [itn is 25 51 
NODE | sas C~sSC“‘“‘( C™C‘*NC*#d 4510.6 |495:325_|_ 3051.78 
NODE [e808 irate 2 fo 
[NODE | s067 | SOC~YSC(i‘“‘;~C*S*S”d 28162367 | 20485601 
"NODE [ssoes [SC“*‘“‘~iSSSCSC‘“‘“‘“‘!SC*~*dS«AS2A. [182,367] 9051.78 
NODE | soe [saa [189.265 868.1628 
NODE | som [SO SSC~SC“(‘CSSSC*d 8189285 | 2043-5601 | 
NODE | sso | OCiC“(‘CSU CY 184444 [189.265 | 9051.78 _ 
NODE eso oF 2 
Nope | esos [so 2.825 288 Set 
NODE | sso7afSCiCSCSC—sCSSCSd i680 232.805 8081.78 | 
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TAIL LANDING GEAR BAY MODIFICATIONS (BAY_MOD 1) (cont. 


BRIGASIDE (coo ea Ee ee 

ee | ee lel eee ae 
| ELEMENTSADDED 
EONGERON END | _sgespfepe neal | 
-ELEMENT| ID | NODE1 | NODE2 | NODE3 | NODE4 | MAT | PROP | 
| BAR2 | go90es | 15624 | 15924 | | 1.1114827 | pr.1114827 
i ee ae MAT 


a a aa 
| TRIAS | 9090940 | 93057 | 93058 | 14848 | 241150071] psh.4115007_ 
| TRIAS | 9090041 | 93068 | 93069 | 14848 | 241150071] psh.4115007_ 
| QUAD4 | 9090942 | 3059 | 14916 | 14017 | 14848 2.41150071| psh.4115007 
| QUAD4 | 9000043 | 14846 | 14914 | 14916 | 930591 2.41150071| psh.4115007_ 
| TRIA3__| 9090045 | 93068 | 14846 | 90059 | 2.41150071| psh.4115007__ 
So nn 
| TRIAS | gosee49 | s3059_ | 3062 | 14016 | 243148271] psh.4314827_ 
_QUAD4 | 9090863 | 93062 | 93065 | 15111 | 14016 | 2.43148271| psh.4314827_ 
_QUAD4 | 909084 | 15122, | 15111 | 3066 | 90063 | 2.43148271| psh.4314827 
| QUAD4 | 9090957 | S306 | 90068, | 15225 | 15111 | 2.43148271| psh.4314827 
| QUAD4 | 9090961 | s0068 | 9071 | 15421 | 15225 | 2.43148271| psh.4314827 
| QUAD4 | gos0962 | 15423 | 15642 | 93072 | 90069 2.43148271| psh.4314827 
| QUAD4 | g090966 | 15642, | 15924 | 15925 | 90072 | 243148271) psh.4314827 
| QUAD4 | gos0e67 | 93072 | 15025 | 15026 | 93073 | 2.43148271| psh.4314827 
_QuaD4 | gee0ses | sco7s_ | 15926 | 15927 | 93074 | 2.43148271| psh.4314827__ 


48 


TAIL LANDING GEAR BAY MODIFICATIONS (BAY_MOD 1) (cont.) 


LEFT SOE 
ELEMENTS REMOVED EE ae 
RENTS RO re 
TWEDGE || LM mT 


rELEENT | 1S —[-NOBET| NODED_[ NODES NODES | 
ee 
—teis —|"setesto | “tse10 | seo | reso7 [aera | peace 
C—as801 [180808 [897 [pr 1114827 
ee a 
-BAR2 | 1315807 | 16807_| 18910] =| ~—=S*~*~S~*si*« SH | pb. 1StSeCo 
(_BAR2 | 1315609 | 1sa06 | 1508 | ——~«YStCS*~*~«~sC«S TSG |——ip TSO 
a a 
ope 15807 — a a 
ee 
Trnus | sotsere | vesis | vesos | iesor | (aatsraezr | pana 
TRIAS | 3315801 | 19801 | 18623] —tse19 | [2416271] psh.asiaeo7 
“TRIAS _| 3315008 | 15806 _| 15801) 16906. [—~S~S~*~«sR aS | pshasta2T 
(BAR2_| 1115623_| 15623 | 18801) SSSS~«~i« TBD 114827 
Heer see ree ree tear nt eter 
aoe | 

Tauane [ares ras eas} aes | aes taanistori| pan 
[QuaD4 | atiaazs | 14623 | _14643_|148aq [14824 [24t1s0071| _psh.4t1S007 
~auaoa [ates | —ia6ao | teen | 4010) haa [2 at soot pen atieoo7 
auaba | attasas | tases | ret era eas 2arre0071 | pen at 16007 
ee es 


aes. | iS oes | 20787 

P| |) ee) ee a 

IBBODESMOVED = CO Eee 
ee ove ee 
ELEMENT | ID | NODE1 | NODE2 | NODES | NODE4 [| xX [| Y [ 2 
_ NODE | 14010 | | 14988. | 115.759 | 3162.02 | 
| NODE | 15106 | : oa 3162.01 _| 


NODE | 15621 
[NODE [15800 (RTUGBB)| (| [8818 | 198.978 | 2868. 1 
NODE [eof | ts 198 978 | 2000, 1380 
TNobe | 18911 | Ps} 158 978 | 3054 6888 
NODE [18812 [sts 8516025 
| ee eee 
RMSDESADDED 
NODE | sors CLeee) [|r | a TS 
Rope | ~asore [ne a oe 
[Nope | sao77 [i «*d 071 | =. 4 | 954 68D 
[NODE _saove_ [SW C15 7ED_| 286.1000 
Nope [sume [dT *d C815 759 | 29401300 | 
nope | e906 118 738 ss 88 
NODE | sa0e1_ [a0 122 953 | 2868, 1680 
NODE 6908 [Ean 08 8 
CINODE | 9a063 [006122 853 | 30840869" 
CNovE-sa0ea [828g |. 100 | 2863.18 | 
NODE 900688 [122108 | 2008 1308 
ee CE 
ROBE | e088 [i 8 20 | 0 1508 
[NODE —[ese9 [26262 | a 0888- 
CNobE | 99000 [811.155 | 2868, 1680 
FNODE | eset op 0188 
NobE | sae T0801 1.155 | 5084 68807 
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[ SEERTSIDE(eont) CE 
San ey | 
| SELEMENTS ADDED a) eee eee 
| [EONGERONEND | Oe SS eee Eee 
-ELEMENT| 1D __| NODE1 | NODE2 | NODES | NODE4 | MAT | PROP 
_QuAD4 | so90s36 | 15619 | 15006 | 15908 | 15623 | 2.43148271| psh.4314827 
__BAR2_ | gos0ss7 | 15623 | 15008 | 4.114827 | pbr.1114827 
ess te 
_ TRIAZ | 9090970 | 14822) | sc07S_ | 14823 | 241150071] psh.4115007_ 
__TRIA3__| 9090971 | 14823 | 93075 | 14824 | 2.41150071| so psh.4115007_ 

TRIA3_| 9090972 | 14822, | 14842 | 9007 | 12.41150071{ psh.4115007_ 
TRIAS —seoe7s_| sens | tasaz—|~ssove [Tenor] pensar —— 
__TRIA3 | 9090974 | 14824 | 90075 | 14844 | 2.41150071[ psh.4115007_ 
| TRIAS | 9090975 | 3075 | sco76 | 14844 | 2.41150071| so psh.4i15007__ 
| QUAD4 | gom0976 | sc077_| 14910 | 14912 | 14844 |2.41150071| psh.4115007_ 
eS ee ee ee 

TRIA3__| 9090979 | 14842 | sco77_—| cove | 2.41150071] psh.4115007_ 
SHEAR WALL [J at BRO 
| QUAD4 | 9090980 | 93075 | 90078 | 14943 | 14823 | 2.43148271| psh.4314827_ 

QUAD4 
__TRIA3__| 9090983 | 90077, | 14910 | = sa0seo | 2.414827] psh.4314827_ 
_QUAD4 | 9090967 | 14910 | 15106 | 93063 | 90080 | 2.43148271| psh.4314827_ 
_QUAD4 | 9090088 | 93081 | 93084 | 15219 | 15121 | 2.43148271|  psh.4314827___ 
| QUAD4 | goeose1 | 15106 | 15216 |= sacs =| 93083 2.43148271| psh.4314827__ 
| QUAD4 | sos0se2 | 93084 | 90087, | 15414 | 15219 | 2.43148271| psh.4314827 

QUAD4 
| QUAD4 | 9090896 | 93087 | 93090 | 15623 | 15414 | 2.43148271| psh.4314827 

QUAD4 | 9090998 
| QUAD4 | 9001000 | 93090 | 15009 | 15008 | 15623 | 2.43148271| psh.4314827_ 
__QUAD4 | 9001001 | 93001 | 15910 | 15009 | 93000 [2.43148271| psh.4314827 
| QUAD4 | 9091002 | sc0e2_ | 15011 | 15010 | 93001 | 2.43148271| psh.4314827_ 
| QUADAHsan1003 (| 1se21 [7 1se12_ | 15e11_| 93002") 24514527 ae 
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TAIL LANDING GEAR BAY MODIFICATIONS (BAY_MOD 4 


PU RIGHTSIDE fo 
ELEMENTS REMOVED SOT CdS rd 
Pweoee [Tt RO 


(ELEMENT | “(| NobeT | NODE | Wooes | Wooea {x “| y [2 
"QuaD4 | a2ise02_|_ 15802 | 15808 | 15005 | 15004 | 14015800 | pen aiseaa 
"TRIAS _| 218825 | 15625 | 15808 | 15926| | 1.415800 | psh.aates02 
gana —[inissos isso [sees 14827 | pb. 114897 
[—BAR2 | 1318802 | _15802_| 198808 || 1 1.1316802 | pbr.1315802 
(BAR? | 1315808_| 15808 | 18696 [1.131580 | pbr.1315802 
[—BAR2 | 1315025. | 16605 | 16624) 1.18 15098 | pr 1315026 
[—BaR2 | 1315026 | 15926 | 16925. ~~=«YSS*S~*~C«S TSG | ir. TSS 
noe [es [fe er 
LONGERON END |] 
rnin ieee | 682 | es | ae | pace 
-TTRIAS_| 3318802 _| 15802 | 15024 | 15034] ‘2 aa1a8o71| ——_psh. 314827 
TRIAS | 33184 | 15es4 | 15648 | 18802 | [243148071 psh. 4314827 
-_BAR2 | 1115642 | 15642) 15806 | | SSS~d« 104827 [pb 114807 
CNooe [tse [rs st 
HEMENTSADDED SS 
[LONGERONEND J 
ELEMENT | 1D | NODE1 | NODE? | NODES | NODE4 | WAT [PROP 
-QuaD4 | Soecea4 | 15624 | 15004 | tsa | 15648 [D4a14e071|  pshasiasar 
[BAR2 | soos | 15624 | 15924 [ «id 114827 [pr 1114827 


Cie 
_LONGERON [Ss re 
ELEMENT] _ID_| NODE1 | NODES | NODES | NODEa |x] YZ 
Noe | ey COCSSCSC*~*idt | 
NODE | eas ft gore 
Nope | 122 [Ot 0. 196.16 2782 
[NODE [15294 [18282252 
Nope ssaz9 | snes ae 

P56 [580] 21989 re 
DIAGONAL LONGERON) Moves 
NODE | iia [|i Ci* i te t06.24 | 6202 
NODE | 14a7 [82 28782 
NODE [15995 [ts 2st 282128 


ol | mm 
MENGCESADOED ed | 
DIAGONAL LONGERON[——sd[ SSCS 
1 
NODE | ~sa058 [8218225 2088.76 
NODE | e069 [00 | 8 
Nope [99060 [F580 [2 19'989001 | 20008707 
BERAENTSADDED || 
Meats | a. | | a 
ELEMENT | _ID| NODE1 | NODES | NODES | NODE4 | MAT [PROP 
TRIAS | oomOseT [14897 | 14045 | asa? «a aana871 | _pehasnao7 
[TRIAS (soso | iaas [taste | aear_[[2asnaari | psnastasor 
QUADS | 9060837 | 14045 [15122 | a0? | 1a | 2.43146271| __psh.a314627___ 
auaba | soocsss | isi | tst2q~| ~ ease | e057 [243146971 | ps aatae27 
auapa | soos | 15224] 15428 | a0 | ss068 [2.43146271| __psh.4314627___ 
auaps | s0eoea0_| 15423 | 18842 |~ sooeo | asosa [2 asa pshastaa7 
Quaba | eos0sat | 15642 | 15924 | 18925 | G3060__|2.43148271| _psh.4314827 
BIAGONALLONGERON[ 
r-QUAD4 | soccsaa | SET | 15130 | taste | 1aeid | START | ——_—pahaTeOT 
T@uapa | s0e0aas | sa0s8 | 18234 | 15190. | 93067 | 2.45148271| __psh.a314827 
QuADa | 9090846 | sa069 [15311534 | 99068 _[3.43146971| sh. 4314827 
Quaba | 9000847 | sa060 | 15650 [1543199069 _|2.43148971| __psh.4314827 
auapa | e0s0aa6 | 15925] 16006 | 18660 | S060 |2.48146971 | psh.4314827 
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Sr Se eee |. 2 
PeHENTS REROVED rr 
ccCHi | ee oe 
PELEMENT | 10 NODE (NODE 2 __NODES_| NODES | x _——_ #2 — 
__QUAD4 | 4215909 | 15909 | 15008) 15801_ | 15807 | 1.4215802 | psh.4215802_ 
| TRIAS | 3218910 | 15910 | 15909 | 15807, | |: 1.4215802 | psh.4215802_ 
_ BAR2 | 1115801 | 15801 | 15008 || 8.114827 | pr. 1114827 
| BAR2 | 1315801 | 15801 | 15807, | | 4.115802 | pbr.1315802_ 
| BAR2 | 1315807 | 19807_ | 15910 | | 4.115802 | pbr.1315802_ 
gana rarssoe [tess | ssee [ates [pies 
| BAR2 | 1315910 | 15010 | 15909 | | 413180261 pbr.1315926 
NODE 16807 [sa | 28ST 
| LONGERONEND [| 0 |e 
| TRIAS | 3315619 | 15619 | 15006 | 15801 2.43148271| psh.4314827_ 
_ TRIAS | 3315801 | 15801 | 15623, | 15619 || 2.43148271| psh.4314827_ 
| TRIAS | 3315008 | 15908 | 15801 | 15006 | 2.43148271| psh.4314827 
_ BAR2 | 1115623 | 15623, | 15801 | 1.914827 | pr.1114827_ 
| NODE | 15801 |] 15806 | -135.69501 2792 
| ELEMENTSAODED CT EES eee 
LONGERON END PEE eee ee 
}ELEMENT| 1D | NODE’ | NODE2 | NODE3 | NODE4 | MAT | PROP 
QUAD4 | 9090042 | 15619 | 15006 | 15008 | 15623 | 2.43148271| psh.4314827_ 
| BAR2 | 9090043 | 15623, | 15908 | | 1.994827 | pbr.1114827 
| | ee 


a | ee | ae | Se 
| NODESMOVED 0 


a 
LONGERON Jd 
ELEMENT | 10 | NODE1 | NODES [NODES | NODEa |X| Y] 2 
NODE [es [TC | eS] ee 
[NODE | tst21_| te 121.34] 
CoNope[isvig_ | tse. 0987 2] 
[NODE | tsata_| 8198 28] 
[NODE | #ge3—[ 8 1503] 
DAGONALLONGERON| 
TNODE | 18009 | SSS] BES TOT 
I lll 
-NODESADDED— 
[DIAGONAL LONGERONT TP 
PNODE | 9x62 | S| OTT 
[NODE | 93063 [| atc 12s | 200878 | 
T-NODE [e806 [isnt 7 | 2908.73 
Nope [$8065 [nai 26 73 
Nope —[ss068 [sso rss aa 6107 
(or 

ELEMENTSADDED Sd 
SHEAR WALL] Sd 
ELEMENT | 1D| -NODE1 | NODES | NODES | NODE4 | WAT | PROP__ 
Riss | eos 14829 [senso | idees_[ asia | pa asiaio? 
auap4 | e008 [14043 | 930682 | es063 | asta |2.49146071| __psh.4514607 
auab4 | eooest | 15121 | 90063 | sa064 | 18219 _|2.45146071 | psh.4314e27___ 
auab4 | s00es2 | 15219 | 90064 | e065 | 1Sa14[2.45148071 __psh.4514627___ 
—auaD4 “| sososss | ¥said | so0es | ssoss | 15623, 2astasa7i | psh.asasa7 
—QuAD4 | soe0ss4 | 156739066 | _18909__| 15806 _|2.49148271, 
IAGONALLONGERON[ PO 
~QUAD4 | o0e0sss | 14895 | 14803) 14a | SRDS (ASAE pen AIT 
“auaba | eoecss6 | —ea02 | 14040 | 15116 | e006 _|2.45148271| _psh.aa14627 
auAb4 | 200857 | s2063 | 15116 | 15212] s0064 | 2.45148971 | psh.4514827___ 
auab4 | sososs | 90064] 15012 | 15408 | 90065 —|2.49148271| _psh.a314627___ 
auaba~|eoeness|—es0es | tsa08 18617 | enoes 245146071 | psh 414807 
QUADS | eoecse0 | eaves | 15617_/ 15005 [ 15800 [2.43148271] __psha14e27___ 
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HORIZONTAL STABILATOR MODIFICATIONS (STAB_MOD 


Re ee ee ee SS 
ELEMENTS REMOVED ass | 
rr KS 
}ELEMENT| ID | NODE1 | NODE2 | NODE3 | NODE4 | MAT | PROP 


quads | a1aaios [44108 | 4407 | aaoot | aato1 | 1.ataai05 | _pshataaios 
auap4 | aiaasos | aas0s | 4006 | aaona | aaa0d | 1.414at05 | pshataaios 
"quapa | a1aacos | aae | aaa | aaso2 | aaz0s | 1.a1aat05 | pshaiaaios 
BULKHEAD EI i 
/ QuaD4 | S2aaior | aaior | aa0s | _aaior | aaiga [1 soat0o1 | psrseaoon 
Tauapa | s2aai02_[~aaio2 | aato7 | aai0e | aatcs | 1.soa1001 | psrsoat001 
BAR2 | 1144101 | aaior | aioe [TOO porta 
T—BAR2 | 1144102_| aato2| aaa | att | prt ta1001 
TBARZ | 1144103 | aai03_| aaios | a0 prt tat 
TBARS | 1144105 | 44105 | aatoe | dat | prt ta1001 
BAR? | 1144106 | aat06|_aaio7_ | ttt | pr 141001 
BAR2 | 1144107 | _aa107 | aatos | at prt tat001 
BAR2 | 1344104_| aatoa | _aatos [atc pprttat001 
BAR2 | 1344108 | aaiog | _aatot_| at | _ pp rat0or 
BAR2 | 2344106 | 44106 | aatas | zt | or masatoos 
BAR2 | 2aaaio7 | aaio7 | _aaion_[—+(| =i. at006 | ermzaai006 
Se a <= 
MEMMENTSADDED | | 
oe | 
ELEMENT | 1D| NODE1 | NODED | NODES | NODEa | MAT [| PROP 
[BARO | eaasies | asics | amos |S ati | prize 
BARD | exasies | anor | aagor | atts | pb t2aa0or 
HEX | 6348167 | aaisd | aust] aais2 | ates | @.esa1054| psd ess1054 
aaa [ast | ae | aes CO 
HENS | eaas168 | —aatss | aais2 | aaiot | aioe | esata) pedessioea 
a eee ee a 
auaba | esatees | aa108 | aag08 | aaso1 | aston areas | ps araaoor 
Bara | es41870 | aos | amos fd atts | pr. t2aa001 
[Bara | eaai871_|aatoa | aag04 [atts | pbr-1244001 
-HEX8 | 6341872 | aate4 | aaies | aaie? | aaiei | o.ezat0s4 | psdexat0s4 
= = << 
HENS | east7s | aai05 | ~aatea | aaiet | aatoa | SaxaToSa | pad TOS 
aa aeons [aoa 

a 
"ELEMENT | 1D NODE1 | NODED | NODES | NoDE4 | MAT | PROP 
[QuAD4 | esas17e | aais4 | ase | 4az3 | 4as64__[2.aaa10011| __psh.aaat0o1__ 
Quan | emei7e | aaist_| aaiea | aasea | angst [2.4aaioo1t| pshaaatoo1_ 
QuADa | 6346180 | ates | age | aaser | _aaes_|2.44a10011| _pshaaatoo1___ 
QuaDa” | esaeie1 | ame | aaiet_| aaso1_ | 4a362_[2.4aa10011/ __psh.aaancon 
auana | esasie2 | aaiet | astod | aas04_| _azee1_|2.4aat0011| _pshaaatoo1__ 
auaba | esaeias | _aaio1 | aarea | aasez | aaaor_|2.aaaioort| __pshaaatoor __ 
QuADs | esasied | aais2” | aa | asst) aagso (2. 4aaioor1| __pshaaatoo1__ 
QUADS | esas1es | amis | aaio2 | ase | amos |2aa10011| __psh.4aa1001__—_ 
Quads | 6348180 | 44102 | 4401 | aor | aaao2 [2.aga10011| __psh3at001 
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VERTICAL STABILIZER MODIFICATIONS (VFIN_MOD 


ELEMENTS REMOVED | tow | | a aa 
ee aa 


ae a 
ELEMENT |__ 1D | NODE 
“QuAb4 | Bases | a2s86 | sase | aaa | oases | Taraatte | psh aaa 
QuAD4ssz001 | 92374 | 37340 | soa | aa02 [1 ataai0s | psh.4aa0338 
TRIAS) staat | s2001 | aaaot_ | aaaos | tataat0s | psh Staaant 
TRIAS 3144a04_| 440g | ages | aaato | atts | ps staat 
CTTRIAS | 3145001 | 32304 | as001_|as008 | 1ataat0s | pshstaaant 
TT TRIAs_seszeas_| 32008 | areca | _szaea |S .at4at08 | psh.aa2a38 
TRIAS | 3362840 | 32340_| 37500 | S230 | dat at05 | psh.aas3e8 
TTTRIAs | saa2889_| 32384 _| aza8o | szae7 | at aat0s | psh3a30380 
CTBAR2 | 206008 _azeo7 [aaa 02203 | pb 2ass203 
[_ROOTFIMING [| 
QUADA 
Quan | «save | sze19 | aves8 | a2eao | a2enr | 1.a1aai0s | psh.aga505 
auaD4 | asazess | s2653 | aea4 | aes | azn | 1.a1aat0s | psh.agazess 
auADa [4339640 | 326a0__| 7602-32673) ao6a | t.ataats | pshaaas25 
CT TRIAS | _stzta06 | _21306 | 21826 2ts06 |) tat aat0s [ psh.atzios 
CT TRIAS | 3121S07_| 21907 | 21306 | 24634 | tataato5 | psh.atztaos 
TTRIAs | st2de0s | 2460524621 | 24606 | araatos [—— psn.at2iso7 
TTRIAS | 3124606 | 24606 [24601 | 24690 tataatos | psh.at 2108 
STTRIAS | stza607 | _2a607 | 24606 [246s targets psh.ataiso7 | 
TRIAS | siza6as | 2462524601 | 24606 || tat aat0s | psh.at2is07 
CTTRIAS | steaest_| 246s | 2606 | _2a620 | tataatos | psh.at2is07 
TRIAS | 3124634 | 24634 | 2ts06 | 2iao7 | id tat aati | peh.atz10s | 
TRIAS | 3082626 | 32673 | 3620 | agear |S ataatos | psh.a3a2505 | 
TRIAS | saaves4 | aoe? | azest | soeas | tat aatos | _psh. 32642 
TRIAS | saa9639_ | s2600 | 3620 | azez1 | ~SCSC~*d naar [psn 52525 
TRIAs | 330645 | a964S | 26st | avesa | tat aatos | psh.aaes3 
CTBAR2 | 23a503_ | s2307 [aaa 1.286208 [pr 2585008 
BARD | ~2aa503 | 32307 [aan 262083 | _pbr. 736008 
BaR2 1121196 | 21126 | aime) a 806 [prt 24621 | 
BARZ [11212621296 | 21326) 11906 |p 124021 
TBARZ [1124601 | 24601 [2126 | tap [pr 24621 
TBAR2 | 112aea1 | 246s 2a6g2 daz 906 | pr. 11 24621 
TBARZ | 1124632 | 24630 [24693 tz [pr 1124627 
TBAR2 [112468824653 | eaesa [121306 | pr 12862 
BAR? | 1201996 [21396] aiao7 datas | pr 1824620 
TBARS | 1204620" | 2462024612 tats | pr. 1324620 
BAR2 | 1421906 | 21306 | 21326 | at aats | pbr.1321360 | 
[BAR| 132196 21g96 | 21305 aan | pr. 1321360__ 
TBAR2 | 1aziaa7 | 21397 | tse) | pbr.1321360 | 
TBARZ | 1321328 | 21327] 2tso7 atts [pr 1321360 
BAR? [132460724607 | 24620) ata | pr. 1324620 
"BARS | 133462024620. | 24606 [att | pr. 1324620_— 
BAR2 | 192460124601 | 2ae06 [atts | pr. 1324620_ 
(BAR? | 1324625] 24605 | oaer1 datas | pr.1324620 
TBAR2 | 1421005 | 21906 | 216) dd att [pra 
BARD | 1421306 | 21306 | 2ts07 [atts [pr 1421305 
BAR? | 1424605 | 24605 [24606 | ear aats | pr. 42a60s 
BAR? | 1424606 | 24606 | 24607148105 |p. 1424605 
-_BAR2 | 1424625 | 24625 | 24005 | «| SSSSCS*~diCC IOS |p 1AOOS 
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VERTICAL STABILIZER MODIFICATIONS (VFIN_MOD) (Cont.) 
ELEMENTS ADDED | —| re 
CEEMENTS ABDED J 
<5 i. 
SPARWEES | oxmmesaeias [SCS 
ELEMENT| ID —=——S«([LOCATION.——~——~*«|~S*~‘“‘;‘s;CS AT CY~C*‘“‘éCé#PROPOOCOC*W 
-QUAD4 | exseonsssae0e4 [Fwd SSSC*=~dSC‘“‘“‘S*drSCTODN Cp TODD 
aUAD4 | ssseoss;esse0cs | Fwdetm ~~ 09 64 | psh at oe6a 
-aUAD4 | scceosssase1z8 [AR SSSCSCS*dSS 1. atz0062 | ph a 30262 
ecso1209030132__| AtBim —+|~S*~=~*~‘“dzCC TSO | pha 
Pci | 


ne a Se 

[QUADS |  Scs1S3SG0184[Fwdlitop ——=«dits=C(‘éC( ANSTO’ | poh ADOC 

QUAD4 | sasoraseasote2 | Fwdif =i) SS 1.a06@ | ph az506= 
auab4 | sasotexccco1es | Fwa fem «YS at aa | ph 32525 
-auAD4 | _eacoressaaotes | ART —~—~SdYSSSS a2 | ph. azz0622 
auaba | eassie?7 Sd) AR Top SSSS~dSCSSCSCSS arta | ps. az300009 
[auab4 | exoressscores | ARIF —=SSS=*d;SCO*~*~‘“~*~*r*C«ROGD | ph. 4790622 
QuaD4 [emotes SS ARLFBim—SC~=‘“itCSC*‘“‘CCSC‘*d‘*.ATAIOS:|~~CpehaS 
[QuAD4 | sasere7Sauo1gs | Fwa Rt Top —~S*dartaat06 | psh.az00g9 
[auAb4 | sasoreo-esc076 | FwdRt_ SY 142062 | psh.a230620 
[evans | sssezz7.ecasz28[FwdRtBim ——=Si«d;S=S*=‘“‘dr*C TRIOS | ~Cph IIS 
[auab4 | easezeSSS«dYCARR’CS*S*~*~“‘“‘S_COW!#C#*#*dé~N«a@0e22 | —_—psh.azq0622 
[QuAb4 | essezs0—~=S~*~*~rCAR RN Top——=C=~“*‘~*srSC*~“‘*‘“*d CTT | —_psh.azaoeSS 
[quAD4 | scsezsiecsemse | ARRt—~«~=S*~*~*é~diCC« OG | ps AzI0ED 
QUAD4 | 6ss0760—SS*SCARREBCSCSCSCSC*~rCSC*‘“‘~*r TIO | ph IT 

a aE 


a a a a 
CFINSKIN, __—=~=«dz(CtétT OO CSSC“‘CNCSCCNNUOCOC(“‘#*NNSNNCCO 
[QUAD4 | Sasere1-e58e7e4 | FwdLfEnd Cap Cover | ——=«ds a0 | CpG 
[QUAD4 | 8336205.808500__|ARLTEnd Cap Cover |__| 1.443001 | _—-pshaasoooT 
QUAD | 9336831:9008366 | Fwd RtEnd Cap Cover | ——*| 1.443001 | —_psh.aaaoooT 
[auaba | 9339367:9600400 | ARRtEnd Cap Cover_| | 1.4430001 | ___psh.4as0001__ 
QUAD4 | 9300401:9330604 | Front Shroud Cover | | 1.aag0001 | psh.aaacoo1 
“@uapa | 9330605;9339782 | — Rear Shroud Gover || 1.440001 | psh.aaaooor 
"@uaD4 | 9330783:9340630 | Left inner/Outer Skin |_| 1.4a0001_ | psh.44s0001 
@UAD4 | 9340531:9341278 | Right Inner/Outer Skin || 1.4ag0001 | psh.aaagoo1 
[auab4 | 9341279:5341280 | Rear Shroud Top Cover_| | 1.440001 | _psh.44s0001___ 
Pe 


| __ a 
| TOPIML =| R4IZBISB4ISBO | 

| QUAD4 | 9341281:9341206 | Fwd LARtIML | «142300880 psh.4230088 
| QUAD4 | so41207:9341316 | Mid LARLIML, =| 142300080 psh.4230008 


“QUAD4 | 9341317.9341928 [AR LORtIML |S 2900800 psh. aoe 
[auab4 | ssa13zes3413c0 | FrontiML ——~(|——~S~« BOSD] __psh.4730059____ 
a | 
TORW~O~“‘r:CéC ST SCSCSC~‘irSC“‘(‘#SN(SC'L.OCd’OC*S 
QUADS | SHSG410 | Topo =~‘ LOUW#~‘<*NCARSSDREO | pena Ci 
aUAD4 | 9341301341402 | Reinforced above spars |__| 1.4144705 
Se as 
anaawaaes [OS 
QUAD4 | Saaa03Saa1a20 | BimIML SSO poh 20ST 
EE eo oo 
eBiMvE «dt eaaseeaame OC 


QUAD4 9341 423:9341 462 Bottom of VF | | 1,.43325130 | psh.4332513 
QUAD4 9341 463:9341470 Reinforced below spars |  ———__s|:1.4144105 psh.4332525 
aoe ee PO EEE Eee 


eee eee 
FIN CORE gs4i47i9e47610 | | eee eee 
9341471:9341650_ | Front Shroud | | 9.64300010 | psd.6430001 


6341651 9341794 Rear Shroud 9.64300010 
HEX8 9341795 :9342610 9.64300010 


= 





APPENDIX B: WEIGHTS AND CENTER OF GRAVITY CHANGES 





RESULTS OF MODEL WEIGHTS AND COG CHANGES (BAY_MODS) 


| pm | | 
__Model_| Group | CG | Mass | x-Moment | delta weight |_ delta CG 
meat ve iets lotr 


aon fen |e) ay 
Base Red | Media | 1640720 | 06051137 [to2arsse7| 

i 
[change [| a assers [oaa7zeses| | rotearaoa|ozeDarear 
= lees el 
Base Red | Moda wt | 1550206 | O7aes6or [116 2684) 

Sn | Mato ist [pare [areas [PS 
~etarge || __ [heres [psarast17| 0605s OTSA 
























RESULTS OF MODEL WEIGHTS AND COG CHANGES (STAB_MOD) 


a a a es 
Mode | ~~ Group | «66 [ Mass seMoment | 
my |) tg fe) tt) 
[-Stab_Red [removed wt) 177627 | 7.106364 | 12ea626/ | 
[Stab_Mod | Mod_wt | i7e2te8 | oeseszss [11e8sose2]; | 


___ P-eaaiaasa [114520272 | ____|-2. 92178846 093774081 
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APPENDIX C: LIST OF PATRAN DATABASE FILES 


base_red.db 
base_kev.db 


bay_mod 1.db 
bay_mod 4.db 


add_mod.db 


kadd_mod.db 


stab _red.db 


stab_mod.db 


vfin_red 
vfin_mod 


Baseline Model for Tailcone 
Baseline Geometry Model for Tailcone with Kevlar OML 


TLGB Modification 1, Baseline materials 
TLGB Modification 2, Baseline materials 


Combination Model 1, (bulk-mod, cone-mod and bay-mod 1), 
Baseline materials 

Combination Model 2, (bulk-mod, cone-mod and bay-mod 1), 
Kevlar OML 


Baseline Model for Horizontal Stabilizer 
Horizontal Stabilizer Modification 


Baseline Model for Vertical Stabilizer 
Vertical Stabilizer Modification 
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